Background. The United States National HIV/AIDS Strategy established goals to reduce disparities in retention in human immunodeficiency virus (HIV) care, antiretroviral therapy (ART) use, and viral suppression. The impact of sex, age, and sexual HIV acquisition risk (ie, heterosexual vs same-sex contact) on the magnitude of HIV-related racial/ethnic disparities is not well understood.
understanding of the HIV care continuum for clinicians and public health professionals [9] [10] [11] .
Differences in HIV care retention, ART use, and viral suppression by sex, age, and sexual HIV acquisition risk (ie, heterosexual vs same-sex contact) have been described previously. Young PWH, for example, are the least likely to be retained in HIV care, on ART, and have a suppressed viral load [12] , and women have lower proportions of ART use and viral suppression relative to men [13] . Few studies, however, have sought to determine how sex, age, and sexual HIV acquisition risk interact to influence racial/ethnic disparities in the HIV care continuum. A more nuanced understanding of this interaction can identify specific subgroups of PWH that can be targeted by clinical and public health initiatives designed to reduce racial/ ethnic disparities more effectively.
In this study, we used a patient-centric, longitudinal assessment of progression through the HIV care continuum to investigate racial/ethnic disparities in subgroups of PWH defined jointly by age, sex, and sexual HIV acquisition risk. Our objective was to determine the influence of these factors on the magnitude of racial/ethnic differences in receipt of HIV care, ART initiation, and viral suppression among PWH entering HIV care.
METHODS

Study Population
The North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) is a consortium of >20 interval and clinical cohorts collecting longitudinal data on PWH throughout the US and Canada [14] . The NA-ACCORD's methodology has been described elsewhere [15] . In brief, using standardized cohort-specific protocols, each contributing cohort collects data on participants providing informed consent. Participants are eligible for enrollment in the NA-ACCORD if they have ≥2 clinical visits within 12 months and are observed from that point forward (allowing for periods where they do not appear to be receiving care). Prior to being harmonized, data undergo quality control procedures for accuracy and completeness. The institutional review boards at each participating cohort and at the Johns Hopkins University School of Medicine have approved all human subject activities conducted within the NA-ACCORD.
We included adults (≥18 years old) with HIV who entered HIV care for the first time between 1 January 2004 and 31 December 2014 in 11 US-based NA-ACCORD contributing cohorts that had information on HIV acquisition risk, race/ethnicity, HIV clinical visits, and HIV laboratory measurements. The 11 cohorts had individual observation open and close dates and were observed for this period except for the last year, when some cohorts closed a few months early (which was accounted for by using the cohort observation close date in addition to 31 December 2014 for administrative censoring). Entry into HIV care was defined as having the following characteristics at enrollment in the NA-ACCORD (ie, at the first of ≥2 HIV care visits in 12 months): (1) HIV RNA >200 copies/mL, (2) no history of an AIDS-defining illness, and (3) no history of ART use (including monotherapy and dual therapy). To further ensure observation of HIV care entry, individuals meeting enrollment criteria before their cohort's observation open date were excluded.
We examined PWH self-identifying as non-Hispanic black, Hispanic (of any race), and non-Hispanic white within 4 age groups (defined as 18-29 years, 30-39 years, 40-49 years, and ≥50 years) and belonging to the following 3 subgroups defined by sex and sexual HIV acquisition risk at enrollment: (1) MSM, (2) women, and (3) men who have sex with women (MSW). Race/ethnicity categories were summarized to white, black, and Hispanic as these categories can be harmonized across all 11 participating cohorts and have sufficient sample size to investigate the risk groups of interest; PWH of other races and ethnicities were not included. MSW were defined as men with known HIV acquisition risk who did not have male-to-malesexual contact as an acquisition risk factor at enrollment. (Due to a low probability of HIV transmission through female-to-female sexual contact, we did not distinguish women who have sex with men from women who have sex with women in this study [16] .) Data regarding transgender status are undergoing NA-ACCORD quality assurance checks and are not included in this analysis. Participants with missing CD4 T-cell counts or HIV RNA at entry into HIV care (up to 6 months before and up to 1 month after entry into HIV care) were excluded.
Outcomes
We estimated the mean percentage of person-time spent (1) receiving HIV care, (2) on ART, and (3) virally suppressed in the first 5 years after entry into HIV care. "Receiving care" (or "in care") was defined as having ≥1 HIV care visit, CD4 count, or HIV RNA measure in 12 months. "On ART" was defined as being in care and having been prescribed for the first time a combination of ≥3 antiretroviral agents from ≥2 classes, or a triple nucleoside/nucleotide reverse transcriptase inhibitor regimen containing abacavir or tenofovir (regardless of whether an individual later discontinued or modified their therapeutic regimen) for ≥1 month, consistent with US guidelines during the study period. Viral suppression was defined as having an HIV RNA load ≤200 copies/mL at the most recent measurement within the last 12 months.
Statistical Analysis
The longitudinal methodology used to estimate the mean percentage of person-time spent in HIV care continuum stages has been described previously [11] . In brief, in this study participants were followed from their date of entry into HIV care until the first of the following: date of entry into HIV care plus 5 years, date of cohort observation close, or 31 December 2014. We generated nonparametric cumulative incidence curves for the following: We then added and subtracted these cumulative incidence curves as shown in Supplementary Table 2 to estimate the percentage of the population that was in each of the 7 HIV care continuum stages listed below at any time in the first 5 years after entry into HIV care [17, 18] : (1) dead before ART initiation; (2) not engaged in care before ART initiation; (3) engaged in care before ART initiation; (4) engaged in care after ART initiation and not virally suppressed; (5) engaged in care after ART initiation and virally suppressed; (6) not engaged in care after ART initiation; (7) dead after ART initiation.
The 5-year restricted mean percentage of person-time spent in each of the 7 stages was estimated by integrating the area between adjacent curves (Supplementary Figures 1-6 ). The mean percentage of person-time spent "receiving care" represented the sum of the area of stages 3-5 above. "On ART" represented the sum of the area of stages 4 and 5. "Virally suppressed" was equivalent to the person-time spent in stage 5.
We estimated differences in the 5-year restricted mean percentage of person-time spent in care, on ART, and virally suppressed comparing blacks vs whites, Hispanics vs whites, and Hispanics vs blacks among the subgroups of interest. Stabilized inverse probability weighting was used to create a balanced distribution of the following potentially confounding factors among the racial/ethnic groups of interest: age (to reduce confounding within age groups), a history of injection drug use, cohort (per standard NA-ACCORD analytic practice), CD4 cell count, and log 10 HIV RNA at entry into HIV care [19, 20] . Restricted quadratic splines with knots at the 5th, 35th, 65th, and 95th percentiles were included for age, CD4 cell count, and log 10 HIV RNA in the logistic regression models used to generate the weights [21] . (For unweighted estimates, see Supplementary Tables 3-5.) We calculated 95% confidence intervals using the 2.5th and 97.5th percentiles of 1000 nonparametric bootstrap estimates derived from unrestricted random sampling from the data [22] . Black vs white, Hispanic vs white, and Hispanic vs black differences in person-time with confidence intervals that did not overlap 0% were considered statistically significant. Analyses were conducted using SAS software, version 9.4 (SAS Institute, Cary, North Carolina).
RESULTS
Participant Characteristics
A total of 11 510 (59.0%) MSM, 4176 (21.4%) women, and 3835 (19.6%) MSW entered HIV care for the first time in NA-ACCORD between 1 January 2004 and 31 December 2014 (Table 1) . Most MSM were white (51.3%), whereas most women and MSW were black (69.8% and 61.2%, respectively). Black MSM, Hispanic MSM, and black MSW tended to be from younger age groups than their white counterparts. The prevalence of a history of injection drug use was highest among MSW (20.7% vs 6.1% and 10.2% among MSM and women, respectively) and was also higher among whites than among blacks and Hispanics.
Racial/Ethnic Differences Among MSM
On average, black MSM spent similar amounts of person-time in care and on ART as white MSM, yet 4.7% less person-time with viral suppression than white MSM (Table 2 ). In age-stratified analyses, the magnitude of the black-white disparity in these outcomes increased with older age; black MSM aged ≥50 years spent 6.3%, 11%, and 9.7% less person-time in care, on ART, and virally suppressed than white MSM in the same age group, respectively. Overall, Hispanic MSM generally spent similar person-time in care, on ART, and virally suppressed as white MSM. In age-stratified analyses, Hispanic MSM aged ≥50 years spent less person-time in care (-6.2%), on ART (-8.2%), and with viral suppression (-6%) than white MSM in the same age group, though the disparity was not statistically significant. Hispanic MSM generally spent more time in the 3 stages of interest relative to black MSM. Hispanic MSM of ages 40-49 years spent 10.2% and 12.7% more person-time on ART and virally suppressed, respectively, than black MSM in the same age group.
Racial/Ethnic Differences Among Women
In overall analyses, black women spent 5.1% more person-time in care and similar amounts of person-time on ART and virally suppressed as white women (Table 3 ). In age-stratified analyses, black and Hispanic women aged 30-39 years spent less person-time in care, on ART, and virally suppressed than white women of the same Abbreviations: CI, confidence interval; ART, antiretroviral therapy; VS, viral suppression.
Bold denotes statistical significance.
Legend:
≤−12% −12% to −9% −9% to −6% −6% to −3% −3% to 0% 0% to 3% 3% to 6% 6% to 9% 9% to 12% ≥12% age group, although these differences were not statistically significant. Black and Hispanic women of ages 18-29 and ≥50 years had more person-time spent in care than white women in the same age groups. Similarly, Hispanic women of ages 18-29 years spent 9.2% and 13.5% more person-time on ART and virally suppressed, respectively, than white women of the same ages. Hispanic women generally spent similar amounts of person-time in care, on ART, and virally suppressed as black women.
Racial/Ethnic Differences Among MSW
Black MSW overall spent similar amounts of person-time in care and on ART as white MSW, yet 6% less person-time with viral suppression than white MSW (Table 4) . Black MSW of ages 40-49 years spent 9.8% and 11.9% less person-time on ART and virally suppressed, respectively, than white MSW of the same ages. Hispanic MSW overall spent similar amounts of person-time in care, on ART, and virally suppressed as black and white MSW. In age-stratified analyses, Hispanic MSW of ages 40-49 years spent 4.2%, 4.8%, and 6.7% less person-time in care, on ART, and with viral suppression than white MSW of the same age group, although this disparity was not statistically significant.
DISCUSSION
The purpose of this study was to determine the influence of sex, age, and sexual HIV acquisition risk on racial/ethnic differences in HIV care continuum indicators. We identified specific groups of PWH defined by combinations of these 3 factors that are in need of targeted clinical and public health interventions designed to achieve the NHAS' goals to reduce HIV-related racial/ethnic inequities. Among MSM, the disparity between black and white men in person-time in care, on ART, and virally suppressed increased in older age groups. White women in the youngest age group spent less time in these HIV care stages than Hispanic women of the same ages. Black MSW aged 40-49 years spent less time on ART and virally suppressed than white MSW of the same ages. These results highlight the importance of sex, age, and sexual HIV acquisition risk stratification for providing a more refined depiction of racial/ethnic differences that can be leveraged in the design of effective clinical and public health interventions.
Few studies have demonstrated the role of sex, age, and sexual HIV acquisition risk in modifying HIV care outcomes. One study, for example, found that HIV care is more strongly associated with viral suppression at younger ages [23] . Two other studies demonstrated racial/ethnic differences in associations with HIV care discontinuity between MSM, women, and non-MSM [24, 25] . We found that age affected the magnitude of racial/ethnic differences in person-time spent in care, on ART, and virally suppressed. We also found that among women and MSW, blacks and Hispanics spent similar amounts of person-time in care, on ART, and virally suppressed; among MSM, however, black men of various age groups spent less person-time on ART and virally suppressed than Hispanics. Of note, we found that among women, whites spent less person-time in care, on ART, and virally suppressed than blacks and Hispanics. This finding calls into question the use of Abbreviations: CI, confidence interval; ART, antiretroviral therapy; VS, viral suppression.
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whites as the standard reference group in racial/ethnic disparities research; our results specifically suggest careful consideration of the racial/ethnic comparison group among women. To reduce disparities in the HIV care continuum, several entities advocate for a focus on interventions that are specifically tailored to the populations most affected by the HIV epidemic [5, 26, 27] . Our findings further underscore the need for novel, more nuanced clinical and public health interventions that consider the intersectionality between sex, age, and sexual HIV acquisition risk. The factors contributing to disparities in HIV care in the US are multifold and include poverty, substance abuse, mistrust in healthcare, and HIV stigma, among other social and structural determinants [28] [29] [30] [31] [32] [33] . The racial/ethnic differences observed in this study suggest that these factors (which are unmeasured in our study) may impact specific sex-, age-, and sexual HIV acquisition risk-based subgroups differentially and perhaps uniquely. Additional research is needed to identify which factors are the most important drivers of racial/ethnic disparities in these subgroups of PWH and subsequently determine how to reduce such disparities most effectively. For example, our study suggests older black MSM, young white women, and middle-aged black MSW may need (1) targeted provider assistance to overcome barriers to viral suppression, and/or (2) tailored messaging from the successful U = U (undetectable = untransmissible) campaign to increase consistent viral suppression.
This study had several limitations. We were unable to distinguish between former vs active injection drug use and did not have data on socioeconomic and health insurance status, all of which may be influencing the observed racial/ethnic differences. As a prerequisite of enrollment in the NA-ACCORD, all patients included in this study entered HIV care, which may limit the generalizability of our results particularly to PWH not receiving HIV care. It is possible that patients with person-time classified as "not receiving HIV care" may have accessed HIV care outside the sites investigated in this study, leading to potential underascertainment of HIV care outcomes. Sexual HIV acquisition risk may have been subject to potential misclassification error given that this exposure was obtained by self-report. Last, due to limited samples of PWH that met study eligibility criteria, we were unable to explore comparisons between additional racial/ethnic groups, such as American Indians or Alaska Natives.
The strengths of this study are multifold. First, we used a nationally representative cohort endorsed by the National Academy of Medicine to evaluate HIV care continuum indicators [10] . Second, we used a longitudinal, patient-centered methodological approach that more closely represents the nonlinear nature of progression through key stages of the HIV care continuum. Third, our ability to stratify analyses by age, sex, and sexual HIV acquisition risk revealed important patterns that can be leveraged by clinical and public health interventions to more effectively reduce racial/ethnic differences in HIV outcomes.
In summary, our findings demonstrate that age, sex, and sexual HIV acquisition risk are important modifiers of racial/ ethnic differences in HIV care retention, ART use, and viral suppression among PWH entering HIV care. We identified specific Bold denotes statistical significance.
≤−12% −12% to −9% −9% to −6% −6% to −3% −3% to 0% 0% to 3% 3% to 6% 6% to 9% 9% to 12% ≥12% groups of PWH defined by these 3 demographic factors who require special attention to ensure the NHAS goals of reducing racial/ethnic disparities are achieved. These groups include older black MSM, young white women, and middle-aged black MSW. Tailored clinical and public health interventions that address the unique HIV care challenges of specific sex-, age-, and HIV transmission risk-based groups may be necessary to effectively and efficiently reduce racial/ethnic differences in HIV care.
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